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^ield of the Invention: 

The present invcnlion relates to a new industrially Teasible process for the direct 
preparation of Gabapentin Form-II without the formation of Form- Ill.viathe Gabapentin 
acid addition salt to yield product that is substantially lactam free and very low content of . 
chloride ions. 

Background of the Invention; 

Gabapentin, namely 1-aminomethyl- l-cyclohexaneacetic acids, of the Formula-l 




Formula- 1 



Gabapentin is the active ingredient used for the treatment of various cerebral diseases like 
epilepsy, hypokinesia including fainting and other brain trauma and in general, it is 
deemed to produce an improvement in the cerebral functions. 

Gabapentin and several processes for its preparation as th*e HydrocJiloride salt, sodium 
salts are disclosed in US Patent Nos. US 4,024,175 and US 4,087,544. 

All processes described in the prior art e.g, in US Patent Application No. US 2003/ 
0009055, US 6,465,689, US 5,091,567, PCT publications WO 02/ 44,123, WO 02/ 
34,709, WO 00/ 01,660, WO 99 7 14,184 and European patent EP 1,174,418, yields 
Gabapentin hydrochloride which is Converted to the corresponding free amino acid by 
neutralization with a basic ion-exchanger followed by crystallization. US 4,894,476 
specifically discloses a method for converting the hydrochloride saU into a crystalline 
monohydrate by eluting the aqueous solution through a basic ion-exchange resin, 
producing a slurry from the elute, adding an alcohol to the slurry and isolating by 
ccntrifuging and diying. 
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Allcmnlc mclhods disclosed in US Palcnis US 5.132.451, US 5.095.148, US 5.091.567 
and US 5,068,413 involve hydrogcnalion of the cyano inlcrmediale to liberate the free 
amino acid. 

PCT publication No. WO 98/ 28255 discloses a method for the conversion of 
hydrochloride salt mto Gabapentin Form-II via Gabapentin Form-Ill by elaborate 
multistep procedure of dissolution into a solvent, filtration of inorganics, distillation of 
solvent under vacuum in a heating bath at temperature below 35°C, then adding a second 
solvent, and neutralizing with a base at 25°C to yield Form-Ill. Form-Ill is then 
converted to Form-II by slurrying in methanol at 25°C for 14 hrs or recrystallising it 
from methanol. 

These processes are not industrially appropriate as large volumes of ion exchange 
columns and distillation of water are involved tliereby leading to the formation of 
undesired lactam impurity. The method of conversion of hydrochloride into Foim-II 
disclosecl in PCT publication No WO-98/ 28255 involves the distillation of first solvent 
under vacuum at temperatures ' below 35°C, then addition of a second solvent for 
crystallization of Form-Ill and. finally an extra step for the conversion of Form-Ill to 
required Form-II by slurring in methanol thereby lowering the yields, and producing a 
product with unacceptable levels of chloride ions and ^enhancing the cost of tlic final 
product. 

In view of all the problems still there is a requirement of an industrial feasible process for 
preparation of Gabapentin Form-irwith substantially lactam free and very low content of 
chloride ions. 

Summary of the invention : 

The present invention relates to a new industrial feasible process for the preparation of 
Gabapentin by converting the Gabapentin acid addition salts directly to Form-II witliout 
the formation of Form- III. 



Another object of the invention is to provide a process for the preparation of Gabapentin 
Form - II free froni chloride ions and lactam impurity. 

The present invention overcomes the disadvantages associated with prior art metliods, by 
neutralizing the Gabapentin acid addition salts witli a base at higher temperatures 
followed by cooling. 

Accordingly, the present invention relates to a method for the preparation of Gabapentin 
by reacting 1,1-cyclohexane diacetic acid monoamide in the presence of alkali hypo, 
halite followed by acidification with mineral acid in presence of an organic solvent to 
extract the liberated acid addition salt into that solvent. An ante solvent is added to 
crystallize the Gabapentin acid addition salt. The separated salt is then, suspending in 
organic solvent and neutralizing with a base at a specified temperature range, cooled to 
ambient temperature, followed by separation of Gabapentin Form-II, which is further 
purified by slurring in ethanol. 




Amide derivative Gabapentin acid addition salt Gabapentin 
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Cmde Gabapentin and the pure Gabapentin precipitated are in the polymorph Form-II 
and are anhydrous. With the crystalline structure from the coincidence of the IR spectrum 
and X-ray diffraction pattern of those of the said conventional product. 

Further objectives and advantages of the present invention will be apparent from the 
detailed description of the disclosed invention to those skilled in the art. 

Brief description of the drawings: 

Fig. 1 is the X-ray diffraction pattern of the Gabapentin Forn>II 
Fig. 2 is the FTIR spectrum of the Gabapentin Form -II 



Fig. 3 is the X-ray diffraction pattern of the Gabapentin Form-Ill 

Fig.4 is the FTIR spcctriini ofllic GabapciUin Form-Ill 

Table l.FTIR peaks of Gabapentin hydrate, Form-II and Form-Ill 



S.No 


Hydrale 


. Form-11 


I'orm-Ill 


1 


1664 




1664 


2 


1624 


1615 


1586 


3 




1546 


1510 


4 


1542 


1476 


1460 


5 




1420 


1420 


6 




1400 


1402 


7 




1337 


1333 


8 




1327 


1,311 


9 


1292 


1300 


1290 


10 


1175 


1165 


1180 


11 


1154 


1,133 


1160 


12 


968 


1120 


1115 


13 




976 


974 


14 


926 


928 


945 


15 


880 


922 


926 


16 


726 


890 


885 


17 


648 


749 


760 . 



XRD peaks and 2 theta values 



S.No 


Ilvdratc 


Form - 11 


Form- III 


1 


6.1 


7.8 


6.1 


2 


12.2 


13.3 


12.1 


3 


16 


14.9 


. 16.9 


4 


18.3 


16.6 • 


17.6 


5 


19.1 


16.8 


18.1 


6 


19.8 


19.5 


19.9 


7 


20.7 


20.2 


20.8 


8 


24.5 


21.3 


24.4 


9 


26.4 


21.8 


25.1 


10 


28:4 


23 


28.8 


11 


30.7 


23.5 


30.2 


12 


32.3 


25.7 


30.7 


13 




26.9 


31.5 


14 




28 





Detailed description of the Invention: 

The process of the present invention comprises:: 

• Reaction of 1,1-Cyclbhexane diacetic acid mono amide with alkali hypohalite 
solution, acidification with mineral acid in presence of a solvent 

• Extraction of the formed acid addition salt into organic layer 

• Separation of the organic layer, drying over dehydrating agents 

o Addition of an ante solvent, cooling to precipitate the acid addition salt and its 
isolation 

• Dissolution of acid addition salt in a short chain alcohol 

^ • Filtration of the solution to remove the insoluble materials 

• Neutralization of the filtrate with a base at specified temperature range to liberate 
the free amino acid 

• Separation of the liberated free amino acid by cooling, leaving tlie formed 
byproduct base-salt in the mother liquor / solvent . 

• Separation of the formed Gabapenlin Form-11 

• Purification of the product by slurring in ethanol in a specified temperature range 

• Isolation of the product followed by drying 

The Gabapentin acid addition salts are Gabapentin hydrochloride and Gabapentin 
hemisulphate hemihydrate. 

The precipitated Gabapentin and the purified Gabapentin are identified and confirmed as 
polymorph Form-II with the XRD and IR data. 

The 1,1-cyclohexane diacetic acid mono amide used as starting material is prepared as 
per the literature (US Patent No. 4,024,175). 

For the reaction of 1 J -cyclohexane diacetic acid mono amide with alkali hypo halite, the 
preferred alkali hypo halite is sodium hypo chlorite solution and tlie reaction is carried 
out in the temperature range of about -lO^C to about 5°C, with tlie preferred range is 
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about -S^C to about 5"C. Acidification of the reaction mass to a pH of about 2.0 and 
preferably below 2.0 in the range of about 1.0 to about 1.5 is carried out with mineral 
acid, the preferred mineral acids are Hydrochloric acid and Sulphuric acid in presence of 
an organic solvent in a temperature range of about IS^C to about 25°C. The preferred 
solvent is n-Butanol. 

The reaction mass is allowed to settle and the organic layer is separated. The aqueous 
layer is extracted a few times with the organic solvent. The combined extracts is dried 
over dehydrating agents selected from anhydrous sodium sulphate, anhydrous magnesium 
sulphate and anhydrous calcium sulphate the preferred ones being anhydrous sodium 
sulphate or anhydrous magnesium sulphate. 

The dried organic layer is treated with ante solvent, cooled if required to precipitate tlie 
acid addition salt. The ante solvent is selected from' the hydrocarbons, aromatic 
hydrocarbons, alkyl ketones, alkyl ethers, the preferred solvent being hexane, toluene, 
acetone, di isopropyl ether or their mixtures. 

The precipitated acid addition salt is separated by conventional methods such as 
nitration, centrifugation and dried to constant weight. 

i 

The Gabapentin acid addition salt is dissolved in short chain alcohols, preferred alcohol 
being ethanol, n-butanol at about 30°C to about 35°C, filtered to remove the insolubles, 
and then raising the temperature of the filtrate to about 70°C preferably from 65°C to 
75°C, slowly neutralized with an organic base. The preferred bases are tri ethyl amine and 
di isopropyl ethyl amine, maintain the reaction mass for 1 - 2 hrs at the temperature 
about 70°C in the preferable range of about 65°C to about 75°C, cooling the mass 
gradually to about 10°C to about 25°C, preferably about 20^0 to about 25°C, stirring for 
1 to 2hrs followed by the separation of the precipitated free amine, washing of the wet 
cake with solvent such as ethanol and drying the product at temperature preferably 
between 45"C to 50°C. 



Gabapcnlin is rurthcr piiriUcd by suspending in clhanol, raising Ihc Icnipcraturc to 60^C 
to 70^C, maintaining the suspension at this temperature for about one hour followed by 
gradual cooling and stirring lor about 1 -2 hrs at tcnti)eraturc 20"c - 25^C. I'hc purified 
product so formed is isolated and dried to obtain Gabapentin with chloride ions, sulphate 
ions in the phaimaceutically acceptable range of below 100 ppm and lactam impurity 
below 0.1%. 

The invention can be furtlier illustrated by a few non-limiting examples. 
EXAMPLE - 1 

Stage — 1: Preparation of Gabapentin hcmisulphate hemihydrate. 

Sodium hypochlorite solution (6.25%, 625 gms) is cooled to 10°C and sodium hydroxide 
flakes (51 gms) is dissolved in it by stirring for 10-15 min at lOPc - 15°C. The mass is 
further cooled to -5^C. In a separate flask 1,1-cyclohexane diacetic acid monoamide (100 
gms) is dissolved in 4N sodium hydroxide sokition (150 ml) at 15°C - 20^C. The amide 
solution is slowly added to sodium hypochlorite solution at temperature ~5^C to -3°C 
over 3hrs. And then maintained at about 0"C for 2 hrs. The temperature is then slowly 
raised to 20 - 25^C over 3 hrs and maintained for 4 hrs at 20°C - 25^C. Sodium 
metabisulphite solution (5 gms in 10 ml water) is then added. The reaction mass is 
fdtered to remove any undissolved nialcrial, pM of the filtrate is adjusted to 9.0 by tlie 
addition of 1:1 dilute sulphuric acid at temperature 20°C -25"C. n-Bulanol (200 ml) is 
added and the pH id further adjusted to 1.5 with sulphuric acid. The reaction mass is 
stirred for 10 — 15 min. and then allowed to settle. The layers are separated. The aq. layer 
is extracted with n-butanol (200 ml). The combined extract is dried over anhydrous 
sodium sulphate (15 gms). Di isopropyl ether (1200 ml) is slowly added at room 
temperature over 30 — 45 min to the dried extracted layer. The reaction mass is stirred for 
1 hr and then cooled to 5^C and stirred for 1 hr at 0 - 5^C. The product is filtered, washed 
with di isopropyl ether (50 ml) and dried at 45^C - 50^C to constant weight. 

o 

Dry wt of Gabapentin hcmisulphate hemihydrtae is 85 gms (Yield: 73.8%). 

Chemical analysis of the hcmisulphate hemihydrate is as follows: 
a) Moisture content: 3 .95% b) Sulphate content: 2 1 .4 1 % 
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^ stage - 2: Conversion of Gabapentin liemisulphate hemihydrate to Gabapentin 
Form-II 

The Gabapentin hemisulphate hemihydrate salt (100 gms) prepared as above in stage- 1 is 
suspended in ethanol (700 ml) and stirred for 30 min. at room temperature. The 
insolubles is filtered and washed with ethanol (50 ml). The filtrate is heated to 70®C - 
75*^0 and the pH of the' filtrate is adjusted between 7.1 to 7.2 by slow addition of di 
isopropyl elhylaminc solution (106 gm in 145 ml ethanol) at 70^C - 75°C over Ihr, The 
reaction mass is maintained Ibr 2 hrs at 70"C - 75"C and then gradually cooled to 20"C - 
25°C and maintained for about 1 hr. The filtered product is washed with ethanol (50 ml) 
and dried at 45^0 - 50^C to constant weight. 

^ Dry wt of the Gabapentin is 50 gms (Yield: 67%). 

Stage -3: Purification of Gabapentin Form-II 

The Gabapentin (50 gms) prepared ^s above is suspended in ethanol (300 ml) and the 
temperature is raised to 65°C and maintained for 30 min. between 60°C ~65°C. The mass 
is cooled to room temperature and stiired for 30min. at room temperature. The filtered 
product is washed with ethanol (25 ml) and dried at 50°C - 55^C to constant weight. 

• 

The dry weight of the Gabapentin Form-II is 45 gms (Yield: 90%) 

The XRD and IR data is matched with the standard data available for the Form- II 

EXAMPLE - 2 

Stage - 1: Preparation of Gabapentin hydrochloride. 

Sodium hydroxide (51 gms) is dissolved in sodium hypochlorite solution (6.25%, 625 
gms) cooled to lO^C. The solution -is stirred for 10 - 15 min. And further cooled to -5^C. 
In a separate flask 1,1-cyclohexane diacetic acid monoamide (100 gms) is dissolved in 
4N sodium hydroxide solution (150 ml) at 15°C - 20°C. The amide solution is slowly 
added to the sodium hypochlorite solution at temperature -5^C to -3°C over 3hrs. The 
solution is then maintained at about O^C for 2 hrs. The temperature is gradually raised 
over 3 hrs to 20°C - 25°C and then maintained at this temperature for 4 lirs. Sodium 
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mcta bisulphite solution (5 gins in 10 ml walei) is then added to the solution. The 
rcaclion mass is nilcrcd remove any undissolved material, pi I oflhc filtrate is adjusted to 
around 9.0 by the addition of hydrochloric acid at temperature 20 - 25°C. n>Butanol (200 
ml) is added and the pH is further adjusted to 1.5 with hydrochloric acid and stirred for 
10-15 min. The reaction mass is allowed to settle and layers are separated. The aq. layer 
is extracted with n-butanol (200 ml). The organic is dried over anhydrous sodium 
sulphate (15 gms). Di isopropyl ether (1200 ml) is slowly added to the dried organic 
layer at RT over 30 - 45 min and maintained for about 1 hr under stirring. The system is 
cooled to 5°C and stirred for 1 hr at 0°C - 5°C. 

The product is filtered, washed with di iso propyl ether (50 ml) and dried at 45°C - 50°C 
0to constant weight and finally crystallized from tert.butanol - diisopropyl ether to get the 
pure Gabapentin hydrochloride. 

Dry wt of the Gabapentin hydrochloride is 80.0 gms (Yield: 75.0%) 

Stage - 2: Conversion of Gabapentin hydrochloride to Gabapentin Form-II 

The Gab^entin hydrochloride salt (100 gms) prepared as above in stage- 1 is suspended 
in ethanol (950 ml) and stirred for 30 min. at room temp. The insolubles are filtered and 
washed with ethanol (50 ml). The filtrate is heated to 70°C - 75°C and the pH is adjusted 
to 7.1 to 7.2 by slow addition of di isopropyl ethylamine solution (170 ml in 170 ml of 
ethanol) at 70 - 75*'C over 60 min. The reaction mass is maintained at 70°C - 75"'C for 
2 hrs, gradually cooled and maintained at 20^C - 25^0 for about- 1 hr. The product is 
filtered, washed witli ethanol (50 ml) and dried at 45°C - 50^0 to constant weight. 

Dry wt of the Gabapentin Form-II is 52.8 gms (Yield: 66%). 
Stage -3: Purification of Gabapentin Form-II 

Gabapentin (50 gms) prepared as above is suspended in ethanol (350 ml) and tlie 
temperature is raised to. 65°C and maintained for 30 min. at 65°C - 68°C. The reaction 
mass is cooled to room temp and stirred for 30 min. The product is filtered, washed with 
ethanol (25 ml) and dried at 50^0 - 55**C to constant weight. 
Tlie dry weight of the Gabapentin Form-II is 45 gms (Yield: 90%) 
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Claims: 
We claim 

. 1. A process for the direct preparation of Oabapentin Form-II wiUiout the formation of 
Form- m.vla the Gabapentin acid addition salt in reaction steps comprising : 
. Reaction of the 1.1-cyclohexane di acetic acid mono amide with alkali hypo halite 

solution at temperature of about -10°C to 5»C, followed by acidification with 

mmeral acid in presence of an organic solvent - 1 

• Extraction of the formed acid addition salt with organic solvent - 2 

• Separation of the organic layer, drying over dehydrating agents 

. Addition of an ante solvent to precipitate the acid addition salt followed by its 

isolation 

• Dissolution of the acid addition salt in a short chain alcohol 

• Separation oftlieinsolubles if any 

• Neutralization of the filtrate with base at temperature of about 70°C to liberate the 
free amino acid 

• Isolation of the liberated free amino acid by cooling, leaving the formed 
by-product base-salt in the mother liquor / solvent 

• Separation of the formed Gabapentin Form-II 

• Purification of the product by slurring in ethanol at temperature of eO^'C-TO^C 

• Isolation of the final product by filtration followed by drying 

to yield Gabapentin Form-II Uiat is substantially lactam free and sulphate ions less 
than 100 ppm and chloride ions less tlian 100 ppm with respect to Gabapentin 

2. A process as claimed in claim 1. wherein acidification to pH 1.0 to 1.5 is carried out 
using sulphuric acid or hydrochloric acid 



3. A process as claimed in claim 1. wherein the organic solvent - 1 is n-Butanol 
MIBK or methylethyl ketone or THF, the preferred solvent being n-Butanol 



or 
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4. A process as claimed in claim 1, wherein the organic solvent - 2 for extraction ol acid 
addition salt is n-Butanol or MIBK or methylethyl ketone or THF, the preferred 
solvent being n-Butanol 



5.. A process as claimed in claim 1, wherein drying of organic layer is carried out over 
dehydrating agents such as anhydrous sodium sulphate and anhydrous magnesium 
sulphate and anhydrous calcium sulphate the preferred ones bemg anhydrous sodium 
sulphate or anhydrous magnesium sulphate 

6. A process as claimed in claim 1, wherein the ante solvent is selected from Acetone or 

Toluene or n-Hexane or Di isopropyl ether 

7. A process as claimed in claim 1, wherein the short chain alcohol is Ethanol or 
n-Butanol 

8. A process as claimed in claim 1, wherein the base is selected from Di isopropyl 
ethylamine or Triethylamine ' 

9. A process as claimed in claim 1, wherein the neutralization temperature is 65°C-75°C 



Dated: 21-04-2003 




(Dr.C.SATYANARAYANA) 
Matrix Laboratories Ltd 

M WRIX LABORATORfF.5 LTD, 
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Abstract: 



The present invention relates to a new industrial feasible process for the preparation of 
Gabapentin Form-Il via Gabapcntin acid addition salts with out forming Gabapentin 
Form-Ill that is substantially lactam free, sulphate ions less than 100 ppm and chloride 
ions less than 100 ppm with respect to Gabapentin. 



13 



MATRIX LAUWJRATOKIHS LTD 



o 




i ;.c.io 

I7.lju0 

20.S32. 
2K2H 
22.306 
2'l.5*iy 
25. H5 
27.4rii 

2b.s*'iy . 

30.2(52 
20.yH 
31.415! 
. 33.7«I9 
35.032 
30'.30y 
37.100 
37,812 



N..125-J 
7.237CO 
5.2U53y 
5.01S2O 

.|.^»1S75 

3.yU227 
232f 
5557a 



3.6 



2.«Ji;i95 

2.«y?*i i 

2.339*16 
2.6!>366 
2.3j93y 
2.47221 
2.41750 
2.37733 



0.: 

I3.y 

3.3 

•i.S 

2.3 

4.0 

1.4 

O.U 

8.1 

\S 

U.l» 

1.9 

2.4 

2.4 

2.4 

1.0 

1.2 

1.2 

2.i 

0.0 • 



(Dr.C.SATYANAllAYANA) 



MATRIX laik:)katorh:s ltd 

4\1i Floor. ^' i L.) -I, 

SECU N DER A HA i' >-.W0 UUO. 



MATRIX LADORA'rORIES LTD 



SHEET -2/4 



10.9 - 
I) . 




t 




(Dr.C.SATYANARAYANA) 
MATRIX LABORA TORIES LTD 

IsjAlUIX LABORATORlEi L/O. 

l-l-lBl/l. Salram Towns. • 
4th Floor, A!»\-nndPr Ro-id, 
SKCUNDERABAD-SOO 003. 



MATRIX LABUKATORII-S I.l l^ 




Z-Thsta • Seals 





1/ »Ml/llf/ 




/nft£tt,\iL\' % 












\\.25WiO 




lOU.O 




6.62202 


i 


'.).•' 


15.003 


5..Mni>l9 




40.7 




5.24254 




17.4 


20.305 


•1.36994 




3U.4 


21.334 


4.16153 




I.I 




^.07572 




1.5 


23.200 


3.83087 




3.0 


23.585 


3.76913 




27.5 


25.711 


3.'Ui2 1 1 




8.6 


2(1.9.47 


3.30605 




15.1 


2S.153 • 


3.tb'688 




3.6 


30.355 


2.94223 . 




3.4 


30.689 


2.91095 




3,2 


31.3S)3 


2.80370 




!.5 


32.5yy 


2.74463 




4.5 


33.960 


2.63767 




1.5 


3»«.37'1 


2.606SJ; 




1.7 


35.299 


2.540d0 




2.7 


38.5'I3 


2.3339*1 




3.1 


41.375 


2.18059 




1.5 


.12.26'i 


2.13665 




1.5 


41.1M2 


2.05U02- 




t.8 


46.2<iy 


1.9614.3 




I.I 


48.666 


1.86948 




1.7 



(Dr.C.SATYANARAYANA) 
MATRIX LABORATORIES LTD 

MAllOX LABORATORIES LID, 

. f.: lavnn Tovvors. 
4lh Flcnr. A-'-'-^nci^r Ro-jd, 
Sr-CUNDBRAnAf; ir-rO 003. 



:^'S>^1 tfAs^l xcoa 



4 

MATRIX LAUOKATOKIES LTD 



SHEET -4/4 




(Dr.C.SATYANARAYANA) 
MATRIX LABORATORIES LTD 

M.SIRIX LABOR ATORIK:; LID. 

4th ri v^v, A' "rnndor'Roul, 
SnCUMDLKAiJAD-SOO 003. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
C^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



Q[ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




